II. INTRODUCTION
To create a simplistic dichotomy, there are two future paths for agriculture: low technology, most easily identified with organic agriculture; and, high technology, most easily identified with agricultural biotechnology. These two paths-low technology and high technology-most often describe different techniques or approaches used in agricultural production. However, these two paths can also represent different agricultural philosophies about farmers, farming, technology, markets, resources, food, and rural life. Consequently the choice between low-tech and high-tech agriculture can present fundamental policy questions. As a society, Americans can emphasize one or the other. 3 Organic agriculture rejects many of the agricultural scientific methods adopted in the most recent sixty years, 4 but low technology agriculture is not limited to organic practices. Many practices currently used or advocated for conventional agriculture are also low technology. 5 If officials adopted these current low-tech practices of organic and conventional agriculture as public policy, our society would be choosing a low technology future for agriculture. There is certainly insufficient evidence available to state that organic agriculture overall would have less of an environmental impact than conventional agriculture. In particular, from the data we have identified, organic agriculture poses its own environmental problems in the production of some foods, either in terms of nutrient release to water or in terms of climate-change burdens. 4. See, e.g., USDA National Organic Program, 7 C.F.R. § 205.2 (2006) (excluded methods and prohibited substances); id. § 205.105 (allowed and prohibited substances, methods, and ingredients in organic production and handling); id § 205.272 (commingling and contact with prohibited substance prevention practice standard); id. § 205.600 (evaluation criteria for allowed and prohibited substances, methods, and ingredients); see also Harvey v. Veneman, 396 F.3d 28 (1st Cir. 2005) (considering a dispute between "true" organic farmers and "commercial" organic farmers).
5. For information on low-tech approaches to agriculture, also known as "appropriate technology" by its adherents, see National Center for Appropriate Technology ("NCAT"), http://www.ncat.org (last visited Feb. 24, 2007) .
6. NCAT, including its subsidiary, the Appropriate Technology Transfer to Rural Areas ("ATTRA"), has had and currently has funding from the United States Department of Agriculture and the United States Department of Energy.
About NCAT: History, http://www.ncat.org/ about history.html (last visited Feb. 24, 2007) . During the Reagan Administration, NCAT lost a sponsoring agency in the federal government. Id. 8 developments that are distinct from transgenic agriculture. In this article, however, the author will focus on transgenic practices in developing the argument for the environmental benefits of high technology agriculture. 9 More broadly, the author asserts that high technology agriculture is the best path forward to addressing agriculture's agronomic, environmental, and economic challenges in a sustainable fashion.
E.g. THOMAS GODDARD ET AL., POTENTIAL FOR INTEGRATED GIS-AGRICULTURE MODELS FOR PRECISION FARMING SYSTEMS, available at
Sustainable intensive agriculture will be overwhelmingly high technology in nature,' 0 but this does not mean that low-tech and high-tech agriculture are mutually exclusive. Both can coexist." However, a tension undeniably exists, as seen in the organic movement's exclusion of transgenic agriculture as an acceptable practice.' 2 The author shares the view of Dr. Brian Johnson, who, for many years, was head of English Nature, an environmental organization for agricultural technologies. Dr. Johnson recently wrote:
This rejection of biotechnology has no scientific or rational basis, and Europeans are rejecting a potentially powerful tool for producing better agriculture. As an ecologist and environmentalist, I cannot see the sense in this, and urge you all to reconsider this position and to technologies (VRT) use spatial databases within field environmental and management variables with the aim of evening the application of field inputs while maximizing production across a field."). campaign for more publicly funded research into the potential use of biotechnology and other new breeding methods in the search for more environmentally sustainable agriculture ....
Let us reopen a scientifically mature debate on biotechnology in agriculture, and let us as scientists debate the subject without the distraction of campaigns against a technology that in industry, medicine and agriculture worldwide is beginning to show great promise in achieving goals that have previously eluded us.13
The author would amend Dr. Johnson's statement by changing "beginning to show great promise" to "already providing significant results" in achieving environmental goals that have previously eluded us.
III. ASSORTED ENVIRONMENTAL BENEFITS OF AGRICULTURAL BIOTECHNOLOGY

A. General Benefits
By its nature, agriculture creates ecological disturbance. It replaces natural landscapes with human-shaped landscapes to grow the food and fiber that human beings need or demand. Hence, the choice is not between a pristine agriculture that creates no environmental harm and a dirty agriculture that pollutes the environment. All agricultural systems harm the environment. Rather, the ecological choice is to produce food and fiber while doing the least possible environmental damage. agriculture expanded rapidly across the world, 5 its environmental benefits are becoming more and more evident.
Numerous studies summarizing the environmental impacts of transgenic (biotech) agriculture have shown that it reduces the use of less environmentally-friendly herbicides in favor of more environmentally-friendly ones, reduces use of broad spectrum pesticides with concomitant benefits in human safety and the survival of non-target insects, and reduces greenhouse gases through improvements in the use of equipment and energy. 16 In addition, transgenic agriculture offers significant promise in addressing other adverse agricultural impacts on the environment.
B. Reducing the Adverse Effects of Phosphorous on Water Quality
Livestock production creates large amounts of manure, which are ultimately spread on farm fields as a fertilizer. By using manure, farmers often apply nitrogen and phosphorus at rates that exceed the nutrient needs of the plants growing on the treated land. Runoff from these fields carry the excess nitrogen and phosphorus into streams. This excess can create water quality problems that adversely affect human health, water treatment, and the environment as a whole.
1 7 High-tech agriculture offers two approaches to solving problems posed by excess phosphorus from livestock production.
One approach is to reduce the amount of phosphorus in animal wastes. Plant breeders, using conventional and transgenic breeding, have developed low-phytate grains that allow animals to utilize the grain nutrition more efficiently. By doing so, the animals excrete significantly less phosphorus, and thus their manures carry less phosphorus when applied to fields. Another approach is to develop plants with improved uptake of available phosphorus. Plant molecular biologists are learning about the genes and fungiplant interactions that enhance plant utilization of phosphorus from fertilizers and manures. 19 Simultaneously, plant breeders are working to create transgenic grasses (fescue, Russian wild rye, and wheatgrass) and transgenic alfalfa that builds upon this molecular knowledge. 20 If plants are created that better utilize phosphorus, less phosphorus will enter lakes and streams through runoff after manure applications. Less phosphorus in runoff means better water quality.
C. Aiding Cleanup of Contaminated Sites
The Environmental Protection Agency (EPA) classifies thousands of sites in the United States as contaminated and in need of remediation. (Thus, while acknowledging that there are risks associated with phytoremediation, these risks are temporary [and] last only during the process of phytoremediation. We believe that in most cases phytoremediation risks are small compared to the risks of doing nothing or the financial and engineering risks of 'dig and haul.').
Cf generally EPA, BROWNFIELDS TECHNOLOGY PRIMER: SELECTING AND USING PHYTOREMEDIATION FOR SITE CLEANUP (2001).
By publishing this primer, the EPA acknowledged that phytoremediation, in specific situations, could be an acceptable cleanup technology. However, the EPA was quite cautious in its attitude toward phytoremediation. Id. at 11, 19.
With additional experiences in phytoremediation and advances in transgenic phytoremediation, the EPA has the opportunity to recognize phytoremediation as an ordinary, normal, useful cleanup technology. bodies of water.
27 If the United States is to improve the quality of its waters, it must address the problems posed by agricultural runoff sensibly, efficiently, and effectively. Coincidentally and propitiously, biotechnology has arrived on the scene to assist in the cleanup.
28
Agricultural biotechnology does not directly control runoff. By using environmentally-friendly herbicide and pest resistance, biotechnology makes agricultural runoff less harmful to receiving waters by producing a runoff with fewer chemicals. The runoff would be the same in amount-just cleaner. 29 However, biotechnology indirectly controls runoff because farmers who adopt transgenic crops are also able to adopt conservation tillage. 3° Gustafson cites four studies (two using modeling techniques and two using field case studies) that predict and show significant reductions in herbicides and pesticides in water runoff from fields where farmers would plant or planted herbicide-resistant and insect-resistant transgenic crops; id. at 7-8. The author has read the four cited studies and confirms Mr. Gustafson's summation of their contents.
RICHARD FAWCETT & DAN TOWERY, CONSERVATION TECH. INFO. CTR., CONSERVATION TILLAGE AND PLANT BIOTECHNOLOGY:
How NEW TECHNOLOGIES CAN IMPROVE THE ENVIRONMENT BY REDUCING THE NEED TO PLOW 2 (2002) (defining conservation tillage as "[a]ny tillage and planting system that covers more than 30 percent of the soil surface with crop residue, after planting, to reduce soil erosion by water").
31. Id. at 17 (An analysis of surveys conducted since the introduction of herbicide-tolerant crops strongly supports the conclusion that these crops developed through plant biotechnology are facilitating the continued expansion of conservation tillage, especially no-till. As more acres are converted to conservation tillage, and especially no-till, significant environmental benefits will be derived.); see, e.g., Cerdeira & Duke, supra note 16, at 1651 (Being a broad spectrum, foliarly (sic.) applied herbicide, with little or no activity in soil, glyphosate is highly compatible with reduced-or no-tillage agriculture and has contributed to the adoption of these practices in the Western Hemisphere. This contribution to environmental quality by GRCs is perhaps the most significant one."); see also SUJATHA Conservation tillage may be the most sensible, efficient, and efficacious management practice to control agricultural runoff. Studies show that erosion (carrying sediment, chemicals, and nutrients) is reduced proportionally to the amount of crop residue covering the soil.
Some estimate that if no-till agriculture (basically all crop residue on the soil year-round) became the predominant practice in America, erosion would decline by 90% or more. 32 Significant reduction in erosion from agricultural lands (particularly farms) means cleaner streams and lakes due to reduced loads of chemicals, fertilizers, manures, and dirt in water runoff. 33 Significant reduction in erosion also means large savings in costs caused by excessive sedimentation in stream beds and lakes. 34 Conservation tillage will have sustainable benefits for the environment only if farmers use it. Farmers will only use conservation tillage if they can continue to control weeds and insects easily and economically through transgenic crops. Transgenic crops will easily and economically control weeds and insects only if weeds do not acquire herbicide resistance and insects do not acquire pesticide resistance, thereby undermining the beneficial traits of transgenic crops. In addition, the transgenic crops themselves must not become bothersome weeds, as volunteers, in the fields or along the roadsides of farm fields.
Many transgenic crops contain a gene from Bacillus thuringiensis (Bt) to gain better control over specific insects that damage crops. Widespread use of Bt crops raised the issue as to whether these insects would become resistant to the Bt gene, rendering the crop ineffective and Bt as a pest control useless. However, regarding insect-resistance to Bt crops, no evidence has shown increased resistance by targeted insects in the United States or elsewhere. 35 Moreover, scientists and plant breeders are developing novel strategies for transgenic plants that will increase the durability and sustainability of their pest One of these changes is increased adoption of no-tillage practices that has taken place subsequent to the widespread planting of herbicide-tolerant crop varieties."). Sankula et al. 
33.
Id. at 7-9. "A summary of published natural rainfall studies comparing no-till with moldboard plowing showed that, on the average (over 32 treatment-site-years of data), no-till resulted in 70 percent less herbicide runoff, 93 percent less erosion and 69 percent less water runoffthan moldboard plowing (Figure 4) Regarding the potential weediness of transgenic crops, this author finds no reason to believe that a transgenic crop would be weedier than any similar non-transgenic crop. However, prior to approval for commercialization, regulatory agencies consider and evaluate the potential weediness of transgenic crops. 37 Moreover, agronomic studies provide strong evidence that transgenic crops are no more likely than similar non-transgenic crops to become weeds or other forms of plant pests. 38 Finally, scientists and crop breeders are developing transgenic plants that contain a selectively unfit gene to assure that any escape from a cultivated field would be short-lived. 39 Thus, scientific evidence and field experience allow optimism that transgenic crops will not become nuisance weeds in farm fields.
Regarding weed resistance to herbicides to which plants have been bred to 36 convenient and economical control of weeds, requires a much more cautious assessment that will depend as much upon regulatory agencies as upon any other factor in the sustainable intensive agriculture approach to agricultural runoff as nonpoint source pollution.
V. REGULATORY AGENCIES AND SUSTAINABLE INTENSIVE AGRICULTURE
When it adopted the Clean Water Act, Congress declared the development of technology to be a government goal and policy for the control of pollution.
5
Moreover, Congress mandated compliance with technological standards to control point sources of pollution.
4 6 Congress further offered an incentive in the Act to adopt innovative technology that significantly reduces point source pollution beyond the requirements of the mandated technological standard for a particular industry.
7
With respect to nonpoint sources of pollution, in contrast to point sources, Congress has not mandated particular technological standards.
Rather, Congress has encouraged the States and the EPA to develop best management practices for the control of nonpoint source pollution, including agricultural nonpoint sources such as agricultural runoff and return flows from irrigated agriculture.
4 8 While the EPA does not have authority to impose technological standards or best management practices on nonpoint sources of pollution, the EPA does have some leverage to achieve comparable pollution control through the promulgation of total maximum daily load standards (TMDLS) for particular bodies or segments of water. 49 The EPA has this leverage even 45. 33 U.S.C. § 1251(a)(6) (2000) ("[I]t is the national policy that a major research and demonstration effort be made to develop technology necessary to eliminate the discharge of pollutants into the navigable waters .... "); § 1251 (a)(7) (stating as a goal that "programs for the control of nonpoint sources of pollution be developed and implemented in an expeditious manner so as to enable the goals of this [Act] to be met through the control of both point and nonpoint sources of pollution").
46. 33 U.S.C. § 1311(a) (declaring the illegality of discharging any pollutant except in compliance with law); § 131 l(b) (setting a timetable for achieving the objectives of the Act (clean water) through the mandated use of: best practicable control technology in subsection (b)(1)(A); best available technology economically achievable for toxic pollutants in subsection (b)(2)(A); and best conventional pollutant control technology for conventional pollutants specifically identified after 1977 in subsection (b)(2)(E)).
Congress' choice of technology standards, and the EPA's implementation of those technology standards, has resulted in significant improvement in the control of pollution from point sources. This significant improvement is a fact even though substantial debate exists among academics as to whether technology standards are the best way to control point source pollution. Thus, there is much to praise about technology standards. Wendy E. though it ultimately lacks authority to require implementation or to exercise enforcement related to TMDLS. 5°B y combining the best management practices identified in the planning processes for area-wide waste treatment management 5 ' and nonpoint source management programs, 52 along with the water quality standards pursued through TMDLS, 53 the EPA and the states have significant legal authority to insist that farmers engage in sustainable agriculture that reduces water pollution from nonpoint sources. More specifically, the EPA and the states should actively encourage and insist that farmers adopt conservation tillage for their agricultural lands. By so doing, the EPA and the states would combine technology-based standards (best management practices of conservation tillage) with quality-based standards (reductions in agricultural runoff to meet TMDLS related to sediments, chemicals, and nutrients) for improvements in the water quality of the lakes, rivers, streams, and wetlands.
54
Of course, one serious objection to such a solution notes that there is an important gap between "encouraging and insisting" that farmers adopt conservation tillage and "requiring under threat of enforcement actions" that farmers do so. While the gap exists, it may not be particularly troublesome in the context of present-day farm practices. The EPA and the states should recognize that farmers are already voluntarily adopting conservation tillage in light of the rapid adoption rate of transgenic crops. American farmers appear to be adopting transgenic crops more rapidly than any crop technology ever introduced into the United States. 55 In other words, the EPA and the states can encourage and insist that farmers adopt conservation tillage, knowing that farmers will immediately translate that legal compulsion (whether soft or hard) 50. The Prosolino v. Nastri appellate court discussed the EPA authority over implementation and enforcement, stating, "(i)nstead, the [Garcia River] TMDL expressly recognizes that 'implementation and monitoring' 'are state responsibilities' and notes that, for this reason, the EPA did not include implementation or monitoring plans within the TMDL." Prosolino v. Nastri, 291 F.3d at 1140. Furthermore, the court stated, "(s)tates must implement TMDLS only to the extent that they seek to avoid losing federal grant money; there is no pertinent statutory provision otherwise requiring implementation of § 303 plans or providing for their enforcement." Id.
The EPA did seek to gain broader authority over TMDLS with proposed regulations. into the practical reality of growing transgenic crops. As a class, farmers are unlikely to feel terribly aggrieved at encouragement or insistence upon conservation tillage when farmers are already moving to conservation tillage 56 as they adopt transgenic crops. 57 Indeed, if the EPA and the states present conservation tillage as an affirmation of farmer stewardship of water, farmers as a class might well feel the EPA has offered a "win-win" solution that greatly reduces the tensions among the agronomic, environmental, and economic challenges they encounter in their daily lives.
The EPA can recruit one other ally to persuade farmers to adopt conservation tillage: the United States Department of Agriculture (USDA). The USDA could especially shape its conservation program 58 in order to provide financial incentives for farmers to adopt conservation tillage. 59 More precisely, the EPA and the USDA could cooperatively assist farmers who adopt conservation tillage to become eligible for financial payments under either the Environmental Quality Incentives Program (EQIP) 60 or the Conservation Security Program (CSP).
6 ' The EPA and the USDA could implement an environmental quality incentives program plan that makes the farmer eligible for technical assistance, cost-share payments, or incentive payments. 62 Alternatively and concurrently, the EPA and the USDA could 60. 16 U.S.C. § § 3839aa to 3838aa-9. 61. Id. § § 3838 to 3838c. 62. Id. § 3839aa(3) (stating that a purpose of EQIP is "providing flexible assistance to producers to install and maintain conservation practices that enhance soil, water, related natural resources ... and wildlife while sustaining production of food and fiber"). Farmers earn these benefits if they implement an "environmental quality incentives program plan ... that describes draft a resource management system 63 compatible with conservation tillage, so that farmers could qualify for CSP payments at either the Tier 1, Tier II, or Tier III level of participation. 64 If the USDA reinforces the EPA with these financial incentives, and states encourage-if not insist-that farmers adopt conservation tillage, farmers are more likely to reduce nonpoint source pollution on their agricultural lands.
JORGE FERNANDEZ-CORNEJO & MARGRIET CASWELL, THE FIRST DECADE OF GENETICALLY ENGINEERED CROPS
In other words, the EPA, the USDA, and the states face the fortunate coincidence that the most sensible, efficient, and effective best management practice for the control of nonpoint source pollution-conservation tillage-is precisely the tillage technique that farmers are widely and voluntarily adopting because of the high technology utilized in raising transgenic crops. From the perspective of the regulatory agencies and the regulated community, protecting the environment through conservation tillage is entirely compatible with these practices.
Such use of high technology agriculture resolves any conflict between the regulatory goals for the environment and the regulated communities' self-interest for a productive, profitable agriculture.
Several other advantages exist to having the EPA, the USDA, and the states encourage and insist upon conservation tillage.
A disadvantage of TMDLS is that its implementation likely puts farmers (nonpoint sources of pollution) at odds with holders of NPDES permits (point sources of pollution).
65
If farmers adopted conservation tillage, they would bear a fairer proportion of the burden for improving water quality. Consequently, it is entirely possible that farmers and holders of NPDES permits would be able to cooperate more effectively to achieve water quality goals for particular types of bodies of water (stream segments, streams, lakes, or wetlands).
Voluntary cooperation from those responsible for different sources of pollution, as opposed to antagonistic finger-pointing, bodes well for sensible, efficient, and effective control of water pollution.
TMDLS are expensive to develop and implement.
66 By encouraging and conservation and environmental purposes to be achieved through 1 or more practices that are approved by the Secretary [of Agriculture]." Id. § 3839aa-4(l). 63. Id. § 3838(11) ("The term 'resource management system' means a system of conservation practices and management relating to land or water use that is designed to prevent resource degradation and permit sustained use of land, water, and other natural resources, as defined in accordance with the technical guide of the Natural Resources Conservation Service.").
64. Farmers develop a conservation security plan that describes the conservation practices the farmer will implement, maintain, or improve, and the tier of contract to which the farmer commits. Id. § 3838a. The higher the tier to which the farmer commits, the larger the payment the farmer will earn from $20,000 for Tier I, $35,000 for Tier II, and $45,000 for Tier Ill. Id. § 3838c(2)(A).
65. E.g., Ruppert, supra note 28, at 8 (TMDLS create a cap above which no pollution will be allowed into a specific area, thereby creating a 'fully closed' trading system .. . . This situation highlights the lack of regulatory authority over NPSs and shifts the entire burden for reduction onto already-regulated PSs. Forcing PSs to pay for NPS reductions to improve water quality implicates the equitable and distribution concerns addressed [later in the article].).
66. Based on data from around the year 2000, now considered outdated, the EPA and the insisting that farmers adopt conversation tillage, the EPA might be able to reduce these expenses significantly. The adoption of conservation tillage might dissuade the EPA and states from developing and implementing TMDLS for particular streams or stream segments. The EPA and the states could devote the development and implementation costs of TMDLS to scientific monitoring of conservation tillage to see if tillage is achieving water quality improvements. 67 Moreover, TMDLS can lead to litigation between and among those responsible for antagonistic sources of pollution and the regulatory agencies.
68
Such litigation imposes additional costs upon administrative agencies and delays improvements in water quality. By encouraging and insisting that farmers adopt conservation tillage-a practice that manages pollution at voluntary expense to the farmer, or through conservation program payments-one can realistically hope that the need for TMDLS and their resultant litigation will be reduced.
69
The United States subsidizes its farmers through income support and international trade incentives.
However, these programs have become problematic in light of U.S. participation in the Uruguay Round of international trade agreements.
7 0 Indeed, the United States has already lost a 69. The EPA has not been seeking mandatory obligations for nonpoint source plans from the states. Rather, the EPA has been seeking "reasonable assurance" that nonpoint source pollution will be dealt with expeditiously, practicably, reliably, and effectively. Williams, supra note 17, at 82-83. By encouraging and insisting that farmers adopt conservation tillage, the EPA should have reasonable assurance that farmers are meeting the goals and results of TMDLS without incurring the costs and litigation from TMDLS. 
7 1 By encouraging and insisting that American farmers adopt conservation tillage and providing conservation payments to those who do so, the United States can create a farm bill that complies with the international trade obligations of the Uruguay Round, while also providing income support to farmers.
Congress could shift funds presently spent on income support and international trade incentives to conservation programs, such as the Environmental Quality Incentives Program and the Conservation Security Program, 72 for conservation tillage. By so doing, Congress would deal simultaneously with budget demands, international trade obligations, and the need to reduce pollution from agricultural land. 73 Moreover, if Congress funded programs for conservation tillage, and if the EPA, the USDA, and the states cooperated on programs promoting conservation tillage as the best management practice to control agricultural nonpoint source pollution, farm organizations would likely be supportive. 74 High technology transgenic crops make this scenario a sensible, efficient, and effective way forward for agriculture, trade, and the environment.
The way forward presented in this article focuses on the adoption of conservation tillage to help farmers deal with agronomic, environmental, and economic challenges. Although the way forward relies heavily upon high technology, especially through transgenic crops, to achieve a sustainable intensive agriculture, organic and conventional farmers, without disadvantage, can adopt conservation tillage as well. 75 They can develop conservation tillage techniques allowing them to handle weed and pest pressures that are acceptable to their production methods. When they do, they too become eligible for conservation payments. Hence, the way forward presented in this article is compatible with organic, conventional, and transgenic agriculture. 
VI. HURDLES FOR SUSTAINABLE INTENSIVE AGRICULTURE
The way forward for sustainable intensive agriculture, found in the recommendations presented in this article, must overcome significant hurdles to become fully-realized in the United States.
In 1986, the Office of Science and Technology Policy issued a Coordinated Framework for Regulation of Biotechnology. 76 In that policy, the agency concluded:
Biotechnology also includes recently developed and newly emerging genetic manipulation technologies, such as recombinant DNA (rDNA) ... and cell fusion, that are sometimes referred to as genetic engineering. While the recently developed methods are an extension of traditional manipulations that can produce similar or identical products, they enable more precise genetic modifications, and therefore hold the promise for exciting innovation and new areas of commercial opportunity.
77
Upon examination of the existing laws available for the regulation of products developed by traditional genetic manipulation techniques, the working group concluded that, for the most part, these laws as currently implemented would address regulatory needs adequately.
78
In 1987, the National Academy of Science studied biotechnology and its environmental impacts and concluded the following:
point 1: There is no evidence that unique hazards exist either in the use of rDNA techniques or in the movement of genes between unrelated organisms.
point 2:
The risks associated with the introduction of rDNAengineered organisms are the same in kind as those associated with the introduction of unmodified organisms and organisms modified by other methods.
point 3: Assessment of the risks of introducing rDNA-engineered organisms into the environment should be based on the nature of the organism and the environment into which it is introduced, not on the method by which it was produced. In 2000, the National Academy of Science concluded, "(t)he present committee found the three general principles to be valid within the scope of issues considered by the 1987 paper, and the present report further clarifies and expands on these principles." 80 Similarly, in 2002, the National Academy of Science determined, (b)ased on a detailed evaluation of the intended and unintended traits produced by the two approaches to crop improvement, the committee finds that the transgenic process presents no new categories of risk compared to conventional methods of crop improvement but that specific traits introduced by both approaches can pose unique risks. There is currently no formal environmental regulation of most conventionally improved crops, so it is clear that the standards being set for transgenic crops are much higher than for their conventional counterpoints ... 81 While it is not possible to assess the risks of any genetically modified plant without empirical examination, the committee found that it should be possible to relatively quickly screen modified plants for potential environmental risk and then conduct detailed tests on only the subset of plants for which preliminary screening indicates potential risk.
82
In light of these statements from 1986 through 2000, it is apparent that transgenic crops present no unique risks when compared to crops developed through other breeding techniques and should be evaluated just like any other conventional crop. However, the reality is that transgenic crops face much higher standards. 83 Within the past year, these higher standards have led federal district courts to order ever-increasing environmental reviews of transgenic crops.
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The higher standards of regulation present a significant hurdle for sustainable intensive agriculture due to increased costs, increased delays, and a reduction in the pace of innovation. As for costs, the estimates for a transgenic crop to traverse the regulatory process have risen from $5 million to $10 80. PEST Further, the USDA approval of petitions for non-regulated status increased from an average of 5.9 months required from 1994-1999 to 13.6 months from 2000-2004.86 As for the pace of innovation, it is widely agreed that the impact of these costs and delays, and the regulatory burdens themselves, serve as tremendous disincentives.
8
' The impact is especially burdensome and nigh prohibitive for public research institutions, universities, and small-capital biotechnology firms.
88
The more fundamental hurdle has to do with attitudes. What is the appropriate attitude towards sustainable intensive agriculture, particularly the high technology of transgenic agriculture? Dr. Norman Borlaug, the Noble Peace Prize winner whose plant-breeding efforts gave rise to the Green Revolution, is probably the most prominent of those who support sustainable intensive agriculture, including transgenic practices. In his closing comments in a speech at Tuskegee University in April 2001, Dr. Borlaug said, Thirty-one years ago, in my acceptance speech for the Nobel Peace Prize, I said that the Green Revolution had won a temporary success in man's war against hunger, which if fully implemented, could provide sufficient food for humankind through the end of the 20th century. But I warned that unless the.frightening power of human reproduction was curbed, the success of the Green Revolution would http://www.cspinet.org/new/pdf/withering-on the vine.pdf. While the author of this article cites as correct the data about the increased time to gain regulatory approval, the author generally disagrees with the analysis in the CSPI report as to the causes and the implications.
Moreover, unless federal appellate courts reverse the federal district court opinions cited supra note 84, the time to gain USDA approval for field trials and non-regulated status will rise by an unknown number of additional months.
87. E.g., McElroy, supra note 85 passim. As an example of the tragic consequences for public research of regulatory costs, delays, and burdens, Golden Rice is a transgenic rice that would provide pro-vitamin A with the routine rice diet so as to save people from vitamin A malnutrition. Dr. Ingo Potrykus, one of the developers of Golden Rice, states, "We have lost 6-7 years in the preparatory adoption to regulatory requirements, which all do not make any sense scientifically." INGO POTRYKUS, THE GOLDEN RICE CASE EXEMPLIFIES THAT GREEN BIOTECHNOLOGY COULD SAVE NUMEROUS LIVES, BUT IS PREVENTED FROM DOING SO BY GMO-REGULATION (manuscript on file with author). One research study on the benefits of Golden Rice estimates that 5500 (low-impact scenario) and 39,700 (high-impact scenario) children in India would survive annually if Golden Rice were available to them. Alexander J. species removals (that is, extinction) or species additions (that is, invasions) can, and eventually will, invoke major shifts in community structure and dynamics. The lessons for agriculture may be just as obvious. Introducing technologies that significantly modify, disrupt, or otherwise alter network architecture could severely diminish production agriculture. And altering such networks is something that can be done quite inadvertently since we do not, and likely cannot, understand the many subtle connections that link organisms together into ecosystems.
Once again, it makes much more sense to use technology to increase our understanding of how natural systems function and to harness inherent strengths within those ecosystems than to invent technologies to modify components of the system to achieve single-tactic effects.
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The author favors Borlaug's attitude over that of Kirschenmann. Moreover, Dr. Robert Paarlberg has identified four different policy options: promotive, permissive, precautionary, and preventive. 91 The way forward for sustainable intensive agriculture is to adopt a promotive policy. Americans will overcome the attitudinal hurdle to the realization of sustainable intensive agriculture when the United States adopts a promotive policy towards high technology, including (and especially) agricultural biotechnology.
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VII. THE GULF OF MEXICO: HYPOXIA
While the initial six parts of this article have discussed sustainable intensive agriculture, high technology, and environmental benefits from a general environmental and legal perspective, Part VII focuses on a specific example-the Gulf of Mexico-to more precisely identify the way forward.
"Hypoxia is the condition in which dissolved oxygen is below the level necessary to sustain most animal life-generally defined by dissolved oxygen levels below 2 mg/1 (or ppm)." 93 As mapped in 2005, the hypoxic zone (also called the "dead zone") off the coast of Louisiana in the northern Gulf of Mexico was 4564 square miles, just smaller than the state of Connecticut. 94 Since mapping began in 1985, the average size of the Gulf of Mexico hypoxic zone has been 4800 square miles. 95 The proximate causes of the hypoxic zone in the Gulf of Mexico are eutrophication and stratification. 96 Eutrophication is the presence of excessive organic matter, fueled by excessive nutrients, in water (nitrogen in salt waters and phosphorus in fresh waters).
The presence of excessive nutrients particularly gives rise to algal blooms that in growth and decomposition exhaust the dissolved oxygen in the water. 97 Without dissolved oxygen in the water, marine animal life cannot survive.
The National Science and Technology Council's Committee on Environment and Natural Resources (NSTC-CERN) 98 describes the most significant source of the excessive nutrients in the northern Gulf of Mexico as follows: "Only increased nitrogen loads from the Mississippi-Atchafalaya River system can account for the magnitude of the hypoxic zone and its increase over time. While other factors may contribute to the growth, dynamics, and decline of the hypoxic zone, none of them alone can explain its overall size and persistence. "
99
NSTC-CERN lists agricultural nonpoint sources as providing 74% of nitrate and 65% of total nitrogen sources within the Mississippi-Atchafalya River basin. By contrast, NSTC-CERN assigns other nonpoint sources 16% of nitrate and 24% of total nitrogen, and municipal and industrial point sources 9% of nitrate and 11% of total nitrogen. 00 Based upon this data, it is clear that agricultural nonpoint source pollution is easily the largest source of the nitrogen overloading in the hypoxic zone of the Gulf of Mexico.
In 1998, Congress passed the Harmful Algal Bloom and Hypoxia Research and Control Act,' 0 ' mandating that a governmental interagency task force devise an action plan for the hypoxic zone in the Gulf.
1 0 2 In accordance with that mandate, the Mississippi River/Gulf of Mexico Watershed Nutrient Task Force determined that a 40% reduction in total nitrogen from the Mississippi River basin (MRB) would return the Gulf to its average nitrogen loads during the 1955-1970 period.
1 0 3 Furthermore, the Task Force also decided that a 20-30% reduction in nutrient loads from the MRB would increase the dissolved oxygen for the bottom water in the hypoxic zone between 15% to 50%. As previously discussed, the CTIC Conservation Tillage and Plant Biotechnology study of 2002 found that adoption of conservation tillage, particularly no-till, would reduce erosion, water runoff, chemical-fertilizermanure loads, and sedimentation in streams, rivers, and lakes by very large percentages. 1 0 9
Both the NSCT-CERN and the MR/GoM Task Force specifically listed conservation tillage and farmland enrollment in conservation programs as desirable agronomic management changes for diminishing the Gulf's hypoxic zone.
1 0 Hence, the use of sustainable intensive agriculture that employs high technology-the way forward proposed in this article-dovetails comfortably with the action plans proposed for addressing this hypoxic zone. Consequently, if the EPA, the USDA, and the states encouraged and insisted that American farmers adopt conservation tillage, significant progress could be made towards the goal of the Mississippi River Basin Task Force, reducing nitrogen discharges into the Gulf by 30%.
Conservation tillage by itself is not likely to be a "magic" management practice that solves the Gulf's hypoxic-zone problems. While studies, like the CTIC study cited earlier, have shown significant reductions in erosion, water runoff, chemical-fertilizer-manure loads, and sedimentation, studies also show that conservation tillage is less effective in controlling nitrogen and phosphorus when these nutrients have become dissolved."' As a consequence, include: * applying nitrogen fertilizer and manure at not more than agronomically recommended rates; * switching from fall to spring application of fertilizer; * improving management of livestock manures, whether stored or applied to the land; * changing from row-cropping to perennial-cropping systems; " planting cover crops for fall and winter nutrient absorption;... "
ensuring that the lateral spacing of subsurface tile drainage is not less than 15 meters; " controlling water tables to promote denitrification within the soil column; and " routing soil drainage effluent through wetlands, grass buffer strips, or riparian forest buffers. Yet high technology also offers the promise of crops with increased ability to utilize the available nitrogen and phosphorus, so that less nitrogen and phosphorus remains in the soil to become dissolved."1 3 If plants better utilized the available nutrients, farmers might well apply the fertilizer and manures at lesser rates that better reflect the plant utilization of the nutrients. The EPA calculates that a reduction in nitrogen fertilizer usage would have an intermediate impact in reducing nitrogen discharges to the Gulf" 14 Conservation tillage, and the use of plants that better utilize available soil nutrients, provide reasons for optimism in treating the Gulf of Mexico's hypoxic zone. However, turning these agronomic practices into reality requires that the EPA, the USDA, and the states promote the use of high technology, sustainable intensive agriculture, especially transgenic agriculture. Moreover, Americans cannot expect that measurable water quality improvements in the Mississippi River basin and the Gulf will be seen immediately, or even for several years.' 1 Reduction of the size of the hypoxic zone will be a long-term project. However, American farmers can begin the transition to improved water quality and a smaller Gulf hypoxic-zone if the EPA, the USDA, and the states encourage and insist upon conservation tillage now and upon the adoption of forthcoming high technologies. The EPA, the USDA and the state must keep focused-now and in the future-on allowing farmers to use the best available technologies and the best management practices for addressing water quality in the Mississippi River basin and the Gulf of Mexico.
VIII. CONCLUSION
Sustainable intensive agriculture using high technology already provides significant environmental benefits. It promises additional benefits in the years to come as agriculture faces foreseeable agronomic, environmental, and economic challenges. While the precise details of what will be the best available control technologies and the best management practices cannot yet be known, the way forward can be envisioned. Sustainable intensive agriculture using high technology offers sensible, efficient, and effective solutions for agriculture's agronomic, environmental, and economic challenges. American farmers have proven themselves open to this sustainable future. By choosing to promote sustainable intensive agriculture, governmental officials, regulatory agencies, and society as a whole will allow farmers to enhance the landscapes and waterscapes of America.
